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SUMMARY 

FUght tes t s  have been  performed over a Mach number range of 0.73 
t o  1.39 t o  detemine the r o l l h a  behavior of a swept-wing airplane having 

k0,OOO feet  and 30,000 feet  and employed three different  vertical taFls 
with varying aspect r a t i o  or  area, o r  both, and two wing configurations, 

e lateral-longitudinal coupling. The t e s t s  were made at  al t i tudes of 

.c the  basic wing, and the  basic wing plus "tip extensions. 

The airplane with  the original vertical  tail exhibited  violent 
motions resulting fram cross coupling a t   the  higher ro l l ing  velocities. 
Consequently, tests  with this configuration were limited t o  low d l e r o n  
deflections and t o  bank angles less than No. Ikmbling the  directional 
steb-ty by increasing the t a i l  area 2'7 percent esd the tail aspect r a t i o  
32 percent  .greatly improved the r o l l h n  behavior enabling r o U x  rates 
on the order of 3 t o  4 radians per second t o  be obtained. 

The adverse sideslip encountered durfng r o l l  maneuvers decreased with 
increasing speeds t o  negligible values over a Mach number r a g e  of approx- 
imately 1.00 t o  1.05; the sidesup then  increased i n  a favorable  direction 
with  further  increases i n  e-peed. The present  ellowable  sideslip angles 
imposed  by structural  limitations were not approached at  either subsonic 
or supersonic  speeds. mine gyroscopic effects caused the r o l L n  
behvior t o  be worse in left r o l l s  at smsonic speeds  (adverse yaw) and 
in riat r o u e  a t  eupersodc speeds  (favorab- yaw). 

W airplane nose-up stabilizer motion during the r o l l  made the 
behavior considerably worse a t  subsonic speeds, whereas mall s t a b i l i z e r  
motion in the  opposite  direction improved the behavior. A t  supersonic 
speeds the  reverse is true, but t o  a lesser degree. J 
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The poss ib i l i ty  of encountering  large angles of s ides l ip  o r  attack, 
o r  both, as a result of lateral-longitudinal  coupling  during  rolling 
maneuvers has been t reated  theoret ical ly  in reference 1. It was concluded 
that airplanes  can  encounter lateral and longitudinal divergence i n  
ro l l ing  maneuvers if  the rate of r o l l  is suff ic ient ly  high and the  pi tch 
and yaw s t a b i u t y  are not  properly  proportioned. Lmge angles of side- 
s l i p  o r  angle8,of  attack might be  expected when the   rol l ing  veloci ty  
approaches the natural frequency i n  yaw or   pi tch.  

Violent  motions resul t ing fram rol l ing  maneuvers wlth a straight-wing 
research  airplane and also with the swept" airplane  discussed i n  this 
paper were reported in   reference 2. Similar behavior occurring  during 
maneuvers of a delta-wing  airplane was reported in   reference 3. Since 
the aerodynamic and mass character is t ics  of these configurations are 
representative of current  design  practice, it may be anticfperted that many 
present and futwe configurations  could  encounter  the same problem. 

Becarme of the severe r o l l  coupling  involved in performing large 1 

deflect ion  rol ls   wi th   the  or iginal  tail, the r o l l s  with this t a i l  were 
l imi ted   to  Ellllall bank angles and low aileron  deflections,  and a program 
was  initiated t o  study the   e f fec t  of' an increase   in   ver t ica l - ta i l   s ize  
on the rol l ing  behavior. 

.- 

This paper presents data obtalned during the investigation of ro l l ing  
behavior of a swept-wing fighter-type  airplane with three different  ver- 
t i c a l  tails which have been  used to   e s t ab l i sh  a progressively higher leve l  
of d i r ec t iona l   s t ab i l i t y  as reported  in  reference 4, and w i t h  two w i n g  
configurations, the basic w i n g  and the  basic wing plus w€ng-tip exbensions. 

A aspect  ratio,  - bz 
S 

an n0ma.l acceleration, g units 

&t; transverse  acceleration, g units 

b Wing S p a ,  f t  

Cn yawing-moment coefficient,  Yawing mcanent 
¶Sb 

mammmm 
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-" 

a% cne = - as 
chord, fi 

mean aerodynamic  chord, ft 

aileron stick force, lb 

rudder pedal force, lb 

stabilizer stick force, Ib 

acceleration due to gravity, ft/sec2 
pressure altitude, ft, 

mcanent of inertia about X - d s ,  slug-ft2 

moment of inertia a b t  y-axis, slug-ft2 

m-t of inertia abomt Z-axis, s1ug-ft2 

product of inertia, slug-& 

angle of ta&l incidence measured from line pardlel to longi- 
tud ina l  axLs of afrplane, de@: 

Mach nmber 

r o m a  angular velocity, r-/sec 

pitching velocity,  r-ans/sec 

yawing velocity,  radiaas/sec 

wing mea, sq ft 

time, sec 

indicated  angle of attack, deg or radians 

indicated angle of sideslip, deg - 
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& increment in  angle of attack, deg 

sa aileron  deflection, deg 

6 at, total aileron  deflection, deg 

8, rudder  deflection, deg 

h taper rat io  

Ac/4 angle of sweepback a t  cparkr chord, deg 

Subscripts: 

max maxtmum measured value 

0 i n i t i d  condltion 

NACA RM H!55L28a 

The airplane  utilized  in this investigation i s  a fighter-type with 
a afngle turbo j e t  engine aud a low swept wing and tail. A drawing and 
photograph of the airplane wlth the origlnal vertical tail A are shown 
i n  figures 1 and 2, respectively. The geometric and mass characteristics 
are given i n  table I. 

The three vertical  tails used in the program were chazacterized by 
dif'fering meas and aspect  ratios as follows: 

I I I i 

T a i l  Aspect ra t io  Area, sq. fX . 

A 
37-3 B 
33.5 

42.7 C 

1.13 

1.49 
1.49 

Drawings of the three tails defining  the above areas are shown i n  
figure 3 .  A photograph canrpming tails A and C is  presented i n  figure 4. 
The same rudder waa employed for all tails. 

% 

.I - 
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An additional  canffguration was teated w i t h  tail C consisting of 

wfng-tip exkenaions w h i c h  changed the wing characteristics as follows: 
4 

Area, sq f t  Aspect ra t io  Span, ft 

Basic wlng 
Basic w i n g  plus WtIlg-tip 

3.56 36.6 376 
3.88 38.6 385 

extensiow 

Complete stability and control  instrumentation was installed f o r  
the flight  research  reported in this paper. The angle of attack, angle 
of sideslip,  airspeed, and altitude w e r e  sensed on the nose boom. The 
Mach nmbers presented are baaed on a pre- calibration of the 
airspeed instaUation a n d '  are considered  accurate t o  0.02 at subsonic 
speeds and t o  0.01 at supersodc speeds. The angle-of -attack & angle- 
of-sideslip data presented in  the the historfea axe corrected  for 
pitching  velocity &nd yawing velocity,  respectively. The bank angle w a s  
obtained by integrating rolling  velocity. 

c 

ci 

Abrupt  rudder-f-d aileron r o l l s  frm level flight were  performed 
with three d i f f e red  tail configurations as follows: 

A limited number of rolls were also made with tail C at M = 0.73 and 
hp = 30,OOO feet for one-- t o  deflections  starting the maneu- 

wing-tip extensions. Although the --tip exbermions add some inertia 
t o  the airplane, pazticularly about the r o l l  a x i s ,  the overall effect 

.- vers frm about 0.7g. Data  were obtained f o r  t a i l  C Wth and wlthout 

c OQ the inertia characteristics i s  negligible. 
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An example of extreme roll coupling  (reported i n  ref. 2) i s  given 
i n   f i gu re  5 which presents  the measured Quantities f o r  an abrupt two- 
thirds-deflection.  alleron r o l l  with the or iginal  vertical tail A at 
Id = 0.73 at an altitude of about 32, OOO feet. No discussion i s  given 
for this figure since the maneuver been  adequately  covered i n   r e f e r -  
ences 5 and 6 i n  cambination  with an analysis of i ts  analog  simulation. 

Because of the  violent  behavior of the  airplane  during  the roll pre- 
sented i n  figure 5, the  remaining rolls performed with t a i l  A were limited 
t o  small. deflections and t o  bank anglee less than 90'. The results 
obtained i n   t h e  manner described by figure 6 and sham in f igure 7 are 
presented as variations with the maximum rolling velocity of the maximum 
i n i t i a l  changes i n  angle of s i d e s u p  and angle of a t tack & encoun- 
tered  during  the roll. (Changes i n  Ap and Au result ing from the 
recovery phase of the maneuver are  discussed later.)  In  a right r o l l ,  
posit ive Afl indicates adverse eideslip and negative Ap indicates 
favorable  sideslip. (The term "favorable" i s  used t o  indicate that the 
direction i a  opposite t o  that of adverse.) An analog eimulation of the 
r o l l   ( f i g  . 5 )  indicated that the first peak of the sidesl ip   t race 
(43 = -23') occurred at a rolling velocity of about 2.4 radians  per  sec- 
ond. The remaining rolls with t a i l  A were made at rol l ing  veloci t ies  
less than 1.5 radians per second with maximum values of Ap and Au 
equal t o  -5O and -2O, respectively. 

- 
.- 

The resu l t s  of the investigation  with tail B are presented i n  fig- 
ure 8 f o r  rolls t o  bank angles of 3a0. The rolls were made with  aileron 
deflections q to two-thirds,   reeultbg in m&ximum ro l l i ng  veloci t ies  
generally on the  order t o  2 t o  3 radians per second. The measured side- 
s l i p  angles were apprcaching the temporary r e s t r i c t ion  imposed by the 
manufacturer  because of structural   l imitations;   therefore no larger  
rolling velocit ies were investigated. A maximum value of 4 3  = -20° 
was recorded  with tail B at M = 0.93 a t  40,000 feet (fig. 9). A value 
of h = -2' (& = 0.5) occurred during the r o l l  but a t o t a l  change in a 
of go ( b g  = 2.1) occurred during recovery. 

Typical time his tor ies  of full-deflection rolls performed with tail C 
at  M = 1.26 are presented i n  figure  10 and a sumnary of all results with 
tail C i s  presented i n  figure ll for r o l l s  t o  bank angles of 3a0. Rol l s  
were made t o  flzll aileron  deflection a t  all Mach mber s  except a t  
M = 0.83 and above M e1.25 where t h e   t e s t s  were limited became it 
w a s  fe l t  the  s idesl ip  angles were tending t o  approach the temporary  struc- 
tural Umitat ions  res t r ic t ion of the  manufacturer.  Rolling  velocities 
reached for   the   fu l l -def lec t ion   ro l l s  were on the  order of 3 t o  4 radians \ 

per second. The data for tail C with the basic-wing  configuration and 
the configuration with wing-tip  extensions are presented  together,  since 

rr - 



NACA Rpll H55-a J 7 

the only  difference between the two configurations w a s  the slightly lower 

msdmm v a l u e s  of Ap and ba recorded with tail C were -15.5 and -6O, 
respectively, and occurred a t  M c 0.73 and 30,OOO feet f o r  a r o l l i n  
velocity of 3.65 radians per second. 

*- peak, rol l ing rate  wMch was  obtained with the wing-tip extensiop. The 

The results  presented in figures 7, 8, and. U. aze sumnazized ~n 
figure I 2  f o r  Mach numbers of approldmately 0 .E, 0.93, and 1.25 t o  shm 
the  effect of tail s h e  and r o l l  direction. A t  each of these Mach nun- 
bers it may be seen that, at a given roll.ing veloci”cy,  lower values of & 
and flu generdly  resulted. as t a l l   s i z e  increased. This condLtion is 
particularly  evident  at the higher ro l l i ng  velocities  tested. This effect 
is attributed t o  the increase in directional stability, as  indicated by 
the results of the analog study  reported i n  reference 5.  It m s  sham 
that f o r  an Fncrease f ran 0.001 t o  0.002 i n  the value of C, , values of‘ 

which  =e  comparable t o  the measured values f o r  tails A and C (ref. 4) , 
the roUlng  behavior was considerably improved. 

B 

Previous figures have shown that a t  subsonic speeds the sideslip - developed during the roll was in the same direction  as  the r o l l ,  or 
adverse, wbereas, a t  supersonic speeds the sidesLLp developed in the 
favorable  direction. This is cleaxly shown In figure 13 which presents 
the Mach number variation of values of A@ encountered in me-- and 
full-deflection rolls with tail C! a t  an altitude of 40,000 feet. For 
full-deflection rlght r o l l s  the value of‘ Ap varied fram about 8’ at 
M = 0.83 t o  -€lo at M fir 1.26. For cmpmable left rolls the value of Ap 
varied from about -13.5O at M = 0.93 t o  4.0° at  M = 1.26. It is evident 
from these maneuvers,  performed with essentially no stabilizer movement, 
that  the values of Ap changed from adverse t o  favorable near Mach m- 
bers of 1.00 t o  1.03. 

h 

The temporary sideslip  restrictions lmposed during the tes t s  reported 
in this paper and the  present aslawable sidesxp angles, both given  by the 
manufacturer because of structural limitations, are shown in   f igure 13 f o r  
an altitude of 40,000 feet .  Neither restrfction w a s  approached at sub- 
sonic  speeds. The temporary restrictions were  approached at  supersonic 
speeds; hmever, only about hdf the present  allowable  sideslip angle was 
reached a t  supersonic speeds near a Mach  number of 1.25. In maneuvers 
where there was ad-rse stabilizer movement, as discussed subseqently, 
larger values of 4 3  were  measured.  These values of Eo at M = 0.93 
and 8O and -go at  M = 1.26 are shown i n  figure 13. The maximm values 
of 4 3  measured at M 0 .m and 30,OOO feet (fig. 11) were ll.5O 
and -15.5’. 

.- The effect of roll direction laey also be seen in  previous figures. 
A t  subsonic speeds there are appreciably -gar values of Ap and La 
measured in l e f t  r o u  than in the right r o U a  a t   the  higher r o U l n g  
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velocities  tested. A t  supersonic speeds there is less  effect  frm roll 
direction; however, the rolling behavior is s o m e w h a t  worse i n  ro l l s  t o  
the right. Unpublished amdog studies indicate a similaz effect caused 
by roll direction. When the engine  gyroscopic terms were  rexitoved from 
the equations of motion, the   l e f t  and right r o l l s  were identical, indi- 
cating that this asymmetry is caused  by engine gyroscopic effects. 

' *  

As indlcated  previously, s tab i l izer  movement during the  roll ing 
maneuver could considerably affect  the rolling behavior. UnpubUshed 
amlog studies have shown that pitching  velocity produced by the change 
in  stabilizer  position during a rol l inn maneuver has considerable  influ- 
ence on r o l l  coupling. An exanrple of the effect of stabil izer movement 
i s  given i n  figure 14 which presents quantities measwed during three 
full-deflection rolls at M FJ 0.93 and a t  40,000 feet .  For stabil izer 
movements of about 1' (airplane nose-down), Oo, and -20 (airplane nose-up) 
during the roll, Aj3 va lues  on the order of l.5', 5O, and 11.5' were 
encountered. The stabil izer movement apparently had l i t t l e   e f f e c t  on the 
initid change i n  a, since the values of hr were all about -lo. At 
supersonic speeds stabil izer movement  seems to have a SmaUer effect but 
i n  the opposite  direction, which might be attributed  to  favorable yaw at 
supersonic speeds. 

- 
It should be  mentioned tht on ly  about one-third inch of s t ick move- 

ment is required per degree of stabil izer rn0vemen-t. Although the use of 
corrective a i r p l a n e  nose-down stabil izer movement during an aileron roll 
might  be expected t o  improve ro l l i ng  behavior a t  subsonic speeds, this 
procedure would be an unnatural control movement for the p i l o t  because 
of the initial decrease Fn angle of attack and normal acceleration during 
the r o l l .  

.- 

Unpublished analog studies  indicate that the initial angle o f  attack 
f o r  the roll entry had a considerable effect on the r o l l i n g  behavior. 
For M = 0 .TO at  30,000 feet  it was found the values of AB and & 
were negligible when the initiq angle of attack was decreased from 5' 
(equivalent t o  I g fught) t o  1 . 

W s  effect w a s  checked in flight at  M = 0.73 and at  3O,OOO feet  
for one-half to.fulJ"deflection rolls. The results are s m i z e d   i n  
figure 15. In all cases when the initial angle of attack was reduced 
From about 4' t o  2.5O, the  values of Ap and & decreased. It may be 
assumed that, f o r  a given rolLing velocity,  larger  values of 4 3  and bct 
would be expected at load factors  greater than 1 . O g .  

The previous  discussion has been  devoted primarily t o  the maximum 
i n i t i a l  changes i n  a and fl resulting from the r o l l  input. It should \r 

be pointed out that in some cases  with tail C at  M f~ 1.25 f o r  fhU- 
deflection rolls (see f ig .  lo), positive change8 i n  a as Large as 5' 
(data not presented)  closely followed the small initial negative  values. - 
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The meaqured V ~ E B  of Ap and & result- frm the r o l l  recov- 
ery w e r e  generally  opposite in direction to the V&(..UI=S resulting from 
the r o l l  input and, except for sane irmtasces, were generally 110 greater 
i n  magnitude. Unpublished analog s W e a  indicate  the values of 4 3  
and hr were usudly as great during roll recovery as they were during 
the r o l l i n g  maneuver. The magnitudes of k c  and Ap encountered durfng 
r o l l  recovery are in  part directly dependent on the type of roll recovery 
used by the p i lo t ,  since all. three controls (n.-TIF?ron, rudder, s t a b i l i z e r )  
would be used. It is evident that the p i l o t  would m e  a different recov- 
ery t e c h n i p  f r o a n  r o U s  in  which large values of Af3 and flu resulted 
(figs. 5 and 9) than frm r o u  in which o w  mderate  resulted. 

4- 

l?rclm the results obtained during the flight investigation of the 
ro77171g behavior of a mept-wing airplane with three different  vertical 
t a i l s  It may be concluded that: 

- 1. Doubling the directional  stability by increasing the tail area 
percent and increa~ing t h e   t a i l  aspect  ratio 32 percent  greatly  alle- 

viated  the exbeme r o l l  couplhg with the original vertical  tail enabling 
roU.ing rates on the order of 3 t o  4 radians per second t o  be obtained. -* 

2. The adverse sideslip encountered d w b g  r o l l  manewers decremed 
with increasing speeds t o  negligible values near Mach numbers of 1.00 
t o  1.05. !L%e sideslip  then  fncreased i n  a favorable  direction with fur- 
ther  Increases in speed. The present  allmable sideslip angles imposed 
by structural  lfmitations were not approached at  either subsonic or  
supersonic  speeds. 

3. Ehghe gyroscopic effects  causedthe r o l l i n g  behavior t o  be  worse 
in l e f t  ro l l s  at  subsonic  speeds  (adverse yaw) and in right r o l l s  a t  
supersonic speed6 (favorable yaw). 

4. SmU airplane nose-up  motion during the roll &e the behavior 
considerably worse at subsonic speeds, w h i l e  mall s t abmzer  motions 
in the opposite direction improved the behavior. At supersonic speeds 
the reverae is true, but t o  a lesser degree. 

5. The rolling behavior was soBllewh&t 'imgroved when the r o l l  entry 
w a s  performed. at a lower angle of attack f o r  a given speed. 



6 .  The --tip extensions had no noticeable effect on rolling 
behavior other than ~ t n  expected slight reduction in maximum r o l l i n g  
velocity. 

High-Speed Flight  Station, 
National Advisory Cormittee f o r  Aeronautics, 

Edwards, calif., December 12, 1955. 

. 



t 

1. Phillips, W i l l i a m  E. : Effect of Steady R o l l i n g  on Longihdhal and 
Directional  Stability. NACA TN 1627, 1948. 

2. NACA =&-Speed Flight Station: Flight Experience With Two High-speed 
Airplanes Having VioleKt Lateral-Longitudinal Coupling In Aileron 
Ro l l s  XACA RM H55Al3, 1955. 

3. Sisk, Thanas R., and m e w s ,  William H. : Flight Experience With a 
Delta-Whg Airplane Ham Violent  Lateral-Longitudinal Coup- i n  
Aileron R o l l s .  NAca RM B35HO3, 1955. 

4. Drake,  Hubert M., Finch, Thomas W. , ard Pee-, James R. : Flrght Meas- 
urements of Directional  Sbability t o  a Mach Number of 1.48 for an 
Airplane Tested With  Three Different Vertical Tail. Configurations. 
NACA RM m5626, 1955. 

5. Gates, Ordvay B., Jr., Weil, Joseph, and W o o d l i n g ,  C. E. : mfect  of 
AutOanatic Stabilizatfon on the SidesUp and Angle-of-A-!Aack D i s -  
turbances ip RolUing Maneuvers. NACA RM L55E25b, 1955. 



12 

TABLE I 

NACA RM H55L28a 

wing-tip extensions 
Basic wing plus 

Wfng : 
m o i l  section . . . . . . . . . . . . . . . . .  NACA 64.~007 
!MXL area (~nclud~ng ai leron 
and 83.84 sq ft covered by 
fuselage). sq ft, . . . . . . . . . . . . . . . .  376.02 span. ft; . . . . . . . . . . . . . . . . . . . .  36 58 

Mean aerodynamic chord. Ft . . . . . . . . . . .  u.33 
R o o t  chord. ft; . . . . . . . . . . . . . . . . .  15.86 
Tip chord. ft . . . . . . . . . . . . . . . . . .  4.76 
Taper ratio . . . . . . . . . . . . . . . . . . .  0.30 
&tFeCt  ratio . . . . . . . . . . . . . . . . . . .  3-56 
Sweep at 0.25 chord LIE. deg . . . . . . . . . .  45 
DLheard.deg . . . . . . . . . . . . . . . . . .  0 
Geanetric  twist. deg . . . . . . . . . . . . . .  0 

Incidence. deg . . . . . . . . . . . . . . . . .  0 

Aileron : 
Area reEunard of hinge line (each). sq ft . . . .  19 32 
Span  at hinge line (each). ft . . . . . . . . . .  7.81 
Chord rearmud of hinge line. percent 
~Lngchord . . . . . . . . . . . . . . . . . .  25 

Wavel (each). de@; . . . . . . . . . . . . . . . .  *I5 

Le&ins-edge slat: 
Span. equivalent, ft; . . . . . . . . . . . . . .  12 . ?l 
Segments . . . . . . . . . . . . . . . . . . . .  5 
Spanwise  location. inboard end. percent 

S-se location. &board end. percent  
wlngaemispan . . . . . . . . . . . . . . . . .  24.6 

wingsemispan . . . . . . . . . . . . . . . . .  94.1 

( p a m ~ ~ ~ l  t o  reference m). 
percent . . . . . . . . . . . . . . . . . . . .  20 

Rotation. mexirmrm. &eg . . . . . . . . . . . . .  15 

Ratio of a h t  chord to wing chord 

NACA 644007 

385.v. 
38.58 
n.16 
15.86 
4.15 
0.262 
3-86 

45 
0 
0 
0 

19 32 
7.81 

12.71 
5 

23.3 

89.2 

20 
15 

Horizontal tail: 
AirPoil  section . . . . . . . . . . . . . . . . . . . . . . . . . .  HACA 65~003.5 
"td area (Fncluding 3.65 sq ft covered by 
fuselage). sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  98.86 span. fc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18.72 

Mean aerodynamic chord. ft . . . . . . . . . . . . . . . . . . . . . . .  5.83 Rootchord. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.14 
Tipchord. ff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.46 
Taperratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.30 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.54 
Sweep at 0.25 chord line, . deg . . . . . . . . . . . . . . . . . . . . . .  43 
Dihedml,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Tmvel. leading edge zrp, &g . . . . . . . . . . . . . . . . . . . . . .  5 
Travel, leading edge &own, deg . . . . . . . . . . . . . . . . . . . . .  25 
m v e r s i b l e  byamulic boost and 
artificial  feel 
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. . . . . . .  6-3  6.3 6-3 
3.33  3.33 3.33 2.m 2-27 2.a- 
1.P 1.50 1.50 . . . . . . .  "0 f20 m, 

4.5 3.7 3.1 

58.2 48.0 44.8 
30.0 30.0 28.4 . . . . . . .  OVerhaagLng, Gvark&u3@l& overanglng, 

. . . . . . .  . . . . . . .  . . . . . . .  

. . . . . . .  

. . . . . . .  . . . . . . .  
UDEle8led tmEmded ruraealsd 

P u e e l a & r  
Langt;h (" nozzle closes), it ....................... 4 5 . a  k&IuI l lv id~f t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.58 overcanogg,ft.. 6.37 

Fineness r a t i o  (" noxzln closed) 7.86 
aide apea -1, sq ft 230.92 

........................... - ""I" .............................. ..................... 
Sped brake: 

w l r p e c e ~ , S S q f t . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . .  14.14 
~ a a f 3 p c t i o n , d e g . .  ............................. 30 

IRp.boJet engine . . . . . . . . . . . . . . . . .  b h-tt and "httney m-w with ww 
%t (wenuke sea -1, arhhmner, IIY .................... 1 5 , m  

Elormal,Ib ..................................... 8, C m J  

....................... 19,652 ........................ 24,SOO 

TotalwEigtrt . mm?aOvn .............................. 31-80 
% t a l w e Q k t - g e ~ = ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31.80 

Pawer Rlant: 

W w , l b  .................................... 9,- 

A3zplane wzdght, lb: 

Center-of-grm-iw locKtion, percak E :  

c.t ~ I P .  (est- t- ~eiw)t 
IDeluer-ft2 .................................... =, 3-03 
ry,alug-ft2 .................................... 59,248 

~ ~ , s l ~ - ~ 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . *  941 

%, slug9t2 ........................... : . . . . . . . .  67,279 

IllcLbmtion of prlncigal a d s  (estimated total weight): 
Beox reference arde at  Mae, a .......................... 0.8 
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Figure 1.- Three-view drawing of airplane w i t h  vertical t a i l  A .  fLu, 
dimensions in inches. 
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Tail C 7 

c/4  for toils A and B 

c / 4  for tail C \ -  I I  

Tall  "0/4 , ' Blanketed area, Span, Area , x A 

de g 

0.428 1.13 45" A 

~q rt f t  sq Pt 

33 .5  6.14 

C 
2.11 7-45 57.3 0.301 1.49 45" B 
2.11 

42.7 0.301 1-49 45 O 7.95 

(11 (2) 

2-45 

( 1 )  Area not  blanketed by fuaslage 

(2) +an not  blanketed b y  fuse lage  

Figure 3. - Sketch of vertical t a i l s  A, B, and C. 
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t, sec 

Figure 5.- Quantities measured during a left  aFleron r o l l  with t a i l  A 
a t  M = 0.73; hp = 33,000 feet. 



NACA RM IP55L2h 

1 

p radianslsec 

t 
AQ (maximum initial change 

b r i n g  manewer) 

t, sec 

Figure 6 .  - sketch of typical roll maneuver s h o ~ l n g  changes in angles of 
I attack asd sideslip. 
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Figure 7. - Variation with maximum roll ing velocity of changes in angle of attack and sidesllp 
developed durhg aileron r o l l s  with tail A f o r  bank angle8 less than 90'. 
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(c) M = 0.83; 
bg = 40,m feet. 
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(a) M ss 0.88; 
hp = 40,m feet. 

0 E I 

pmOx, rodiandsec 

(e) M - 0.93; 
hp = 40,000 feet. 

Figure 8.- Continued. 
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30 
Right 

Airplane 
nose up 20 
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3 0 ~  202 I 2 3 4  5 0 I 2 3 4  
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Figure 10.- Quantities measured during full-deflection aileron rolls with 
t a i l  C at M = 1.26; hp fir 40,000 feet. 
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EI L e f t  roll, wing-tip extensions 

Right roll, basic  wing 
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-10 - m 
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-200 I 2 3 4 
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( c )  M = 0.93; hp ZJ 40,OOO feet. (a) M ~3 1.15; hp 40,000 feet. 

Figure ll. - Continued. 
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(a) M = 0.73; 
hp 30,000 feet. 

lZT€EEl Right rdls 

0 .5 1.0 1.5 2.0 2.5 3.0 55 .5 1.0 15 2.0 25 313 35 413 

Figure 12.- Effect of tail size  and roll direction at several Mach mnribers. 
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.r o Right rol I, 1/2 deflectton 
0 Rrght ml I, full deflectian 

Left r o l l ,  1/2 deflection 
I Left roll. ful I deflection 

M 

Figure 13. - Effect of Mach nmber on sideslip angles developed during 
r o l l s  w i t h  esserrthlly no stabilizer motion. Tail C.- hp = @,OOO feet. 
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Figure 14.- Effect of stabilizer movement on the rolling motion with 
tail C at M = 0.93; hp fil 40,OOO feet. 
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